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ABSTRACT 

A series of measurements has  been made i n  t h e  exp lo ra to ry  w e l l  CGEH-1 a t  

Cos0 Hot Springs.  The temperature measurements provide estimates f o r  t h e  

thermal e q u i l i b r a t i o n  of t h e  w e l l  and i n d i c a t e  t h a t  t h e  f r a c t u r e s  i n t e r -  

s e c t i n g  t h e  w e l l  have d i f f e r e n t  temperatures.  The h o t t e s t  f r a c t u r e s  are 

i n  t h e  upper-cased po r t ion  of t h e  w e l l .  

t h a t  t h e  borehole  s t i l l  con ta ins  remnants of d r i l l i n g  materials. 

has  never been ex tens ive ly  flowed a t  t h i s  t i m e .  

Downhole chemical sampling sugges t s  

The w e l l  
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The China Lake Naval Weapons Center is  loca ted  i n  southeas te rn  C a l i f o r n i a  as 

shown by t h e  star i n  Figure 1. 

t h e  Naval Weapons Center (NWC). 

a c t i v e  region assoc ia ted  wi th  a r ing - f r ac tu re  zone. (') 

The Cos0 Hot Springs KGRA is loca ted  w i t h i n  

The KGRA i s  p a r t  of a l a r g e  vo lcan ica l ly  

To t h e  w e s t  of 

Cos0 Hot Springs is a l i n e  of r h y o l i t e  domes, and near  t hese  domes t h e  

explora tory  w e l l  CGEH-1 w a s  d r i l l e d .  The w e l l  w a s  completed on December 2 ,  . 
1977 a t  t h e  l o c a t i o n  ind ica ted  i n  Figure 2.  The t o t a l  depth i s  4845 f t . ,  

(2) and t h e  h o l e  is  cased t o  a depth of 3488 f t .  wi th  7 i n .  diameter  pipe.  

The geologica l  formation is  pr imar i ly  g r a n i t i c  rock with many f r a c t u r e s  

i n t e r s e c t i n g  t h e  w e l l  bore .  

w a s  provided by Galbra i th .  

The gologica l  summary shown i n  Table 1 

( 3) 

One p res su re  and six temperature p r o f i l e s  have been measured s i n c e  t h e  

w e l l  w a s  d r i l l e d .  I n  add i t ion ,  f l u i d  sampling has  been done by both Lawrence 

Berkeley Laboratory (LBL) and United S t a t e s  Geological Survey (USGS). One of 

t h e  temperature p r o f i l e s  w a s  obtained i n  cooperat ion with t h e  Sandia Laboratory 

Albuquerque (SLA). 

bo th  a Gearhart-Owens (GO) continuous s u r f a c e  readout t o o l  and a Kuster  clock- 

d r iven  downhole recorder .  ( 4 )  The Sandia p r o f i l e  is very similar t o  survey /IS. 

The temperature  surveys t h a t  w e r e  made using t h e  GO t o o l  represent  temperatures  

obtained a f t e r  a five-minute w a i t  a t  each recording s top .  Although t h i s  

procedure w a s  t i m e  consuming, i t  ensured t h a t  t h e  t o o l  w a s  i n  equi l ibr ium when 

t h e  reading w a s  taken. 

d r i v e  wi th  l imi t ed  opera t ing  t i m e ,  t h e  s t o p s  could not  be made as o f t e n  o r  f o r  as 

Figure 3 shows t h e  LBL temperature p r o f i l e s  obtained with 

Since t h e  Kuster t o o l  is operated by a downhole clock " 

long an i n t e r v a l  as t h e  continuous recording t o o l  from Gearhart-Owens. 

Figure 3 a l s o  shows t h e  d r i l l i n g  rate and amount of mud l o s t  dur ing  d r i l l i n g .  

The regions of h ighes t  mud l o s s  are i n t e r p r e t e d  as major f r a c t u r e  zones 

i n t e r s e c t i n g  t h e  w e l l  bore .  The d i p  of t h e  f r a c t u r e s  is  not  known at  
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t h i s  t i m e .  The nonuniform hea t ing  i n  some por t ions  of t h e  w e l l  bore  are 

i n t e r p r e t e d  as being due t o  the lower thermal conduc t iv i ty  of t h e  d r i l l i n g  

materials and material used t o  prevent  caving during d r i l l i n g .  The l a t t e r  

materials included cement, m i c a ,  etc.  The constant  temperature po r t ion  of 

t h e  p r o f i l e  (about 280'F) i s  a steam column above t h e  water l e v e l .  The 

la t ter  increased during t h e  measurements from % 905 f t .  below t h e  Kel ly  

bushing t o  about 895 f t .  due t o  t h e  thermal expansion of t h e  water 

column as i t  heated up. 

p re s su re  p r o f i l e s  are given i n  t h e  appendix. 

The complete d a t a  f o r  t h e  s t a t i c  temperature and 

Three samples of  w e l l  bore f l u i d  were obtained using a Kuster 1000 cc 

sampling t o o l .  Tko samples were taken a t  t h e  2740 f t .  depth.  A twenty-four 

hour per iod occurred between t h e s e  two samples. 

d i f f e r e n t  depths  show somewhat d i f f e r e n t  chemical p r o p e r t i e s .  F i e ld  pH 

w a s  obtained by c a l i b r a t i n g  t h e  pH meter w i t h  b u f f e r s  a t  t he  si te.  The 

t o o l  w a s  cooled t o  ambient temperature i n  an ice ba th ,  and t h e  samples w e r e  

then removed t o  p l a s t i c  b o t t l e s  where t h e  pH w a s  measured. 

ana lyses ,  using t h e  atomic abso rp t ion  method, w e r e  performed by GHT Labora to r i e s  

i n  Brawley, C a l i f o r n i a .  The resul ts  are given i n  Table 2.  

The samples obtained a t  

The chemical 

It can be noted t h a t  t h e r e  are l a r g e  d i sc repanc ie s  i n  concen t r a t ion  of 

~- I SO4, C a ,  S i 0  ) between t h e  two e l e v a t i o n s .  The 3' 2 several components (HCO 

C a  and SO concentrat ions a t  4800 f t .  are 57% and 55%, r e s p e c t i v e l y ,  of 

t hose  a t  2740 f t .  

would be expected t h a t  t h e  concen t r a t ion  of t h e s e  i o n s  would be  g r e a t e r ,  

4 

However, from t h e  i n v e r t e d  s o l u b i l i t y  of CaSo4 i t  

r a t h e r  t han  smaller, a t  t h e  coo le r  bottom-hole temperature.  
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Another discrepancy appears in the Si02 inferred temperatures. 

hole concentration of 201 mg/l of Si02 yields a temperature of 338"F, in 

fair agreement with measured bottom-hole temperature of 345°F. 

tration at 2740 ft. yields a Si02 temperature of 194°F. 

The bottom- 

The concen- 

(5) 

Since the well has not been flowed for any significant length of time (it 

was airlifted for about two hours after completion), it is reasonable to 

assume the silica numbers reflect possible residual drilling materials 

in the well. 

and downhble chemical sampling will be carried out at that time. 

A well test is planned for this well and additional wellhead 

Suuunary 

Temperature and pressure profiles were obtained in the Cos0 exploration 

well CGEH-1 after the well was completed. 

anomalous zones of heating during the thermal equilibrium process. The 

anomalous zones coincide with locations of large losses of drilling 

materials. 

the highest temperature to date, 2 380OF. ( 6 )  

lower, 2 345'F, indicating that the fractures at the bottom of the well 

have cooler, not hotter, water in them. The well has not yet been 

tested, but the downhole temperature has not increased during the thermal 

equilibration of the upper zone. The chemical samples suggest that the 

wellbore is not yet free of drilling materials, hence the Si02 inferred 

temperature is still uncertain. 

The temperature profiles show 

The temperature in the region from 2000 to 3500 ft. is at 

The bottom-hole temperature is 



-5- 

XBL 786-997 

Figure 1. The l o c a t i o n  of t h e  China Lake Naval Weapons Center. 
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Figure 3 .  Temperature surveys i n  t h e  s t a t i c  steam and 
w a t e r  column a t  Cos0 Hot Springs.  



Table 1. The geological  summary obtained from cores  and cu t t ings  during the  d r i l l i n g  of CGM-1. 

(All  measured from G.L. Cos0 Geothermal Exploratory Hole 81) 
(CGEH-1) 

DEPTH 

B t m  Conductor 
Pipe (47') 

47-400' 

400-410 ' 
410-583 ' 

583-600' 

969-1229' 

1229-1347 ' 

1347-1378' 

1378-1479' 

1479-1539' 

1539-1549' 

1549-1589' 

1589-1619' 

ROCK TYPE 

Hard g r a n i t i c  rock 

Igneous d ike  

Hard g r a n i t i c  rock 
S e t  surface pipe (13 3/8") 

Hard g r a n i t i c  rock 

Faul t  zone containing igneous 
dikes  and metasediments, 
some c l ay  

Grani t ic  r.ocks with some 
a l t e r a t i o n  (clay) set 
Intermediate pipe (9 5 / 8 " )  

Grani t ic  rocks 

Grani t ic  rocks,  f ractured 

Metasediments 

Gouge zone with clay 

Met asediment s 

Gouge zone with clay 

REMARKS 

Lost 250 b b l  mud 114-117 f t .  
Lost c i r c u l a t i o n  224-239 f t .  

Lost mud 401-404' 

No l o s t  c i r c u l a t i o n  

Lost some mud 

Changed t o  a i r  @ 1378' 

Water production fncreased from 
2 bbls /hr  t o  20 bbls /hr  

I 
a0 
I 

(continued) 



Table 1 
(continued) 

DEPTH 

1619-16 60  ' 

1660-1686' 

1686-1854 ' 
1854-1893' 

ROCK TYPE REMARKS 

Fractured $rani tes  
Switched to  mud 

Grani t ic  rock 
Switched t o  a i r  

Grani t ic  rocks 

Clay & f i n e  grain sand 
Switched t o  'mud 

Hole Making 1520 bb l s  wt r /hr  hole  
caving; c lay  & gravel  running i n t o  hole  

Squeezed hole  1686 t o  casing 

Making 80-90 bb l s  wtr /hr  
Previous cement plug caved i n .  

1893-1969 ' Fractured g ran i t i c  eocks 1900-1950 los t  150 bbls/mud 

1969-2049' Shearing, f ractured g r a n i t i c  
Rock with quartz veining 

Lost c i r cu la t ion  
Lost 600 bbls  mud a t  2039 

2049-2100' Fractured g ran i t i c  rocks Lost about 300 bbls/day 

2100-2746' 

2746-2801' 

2801-4450' 

4450-4530 ' 

4530-4824 ' 

Fractured white g r a n i t e  2100-2208 l o s t  300 t o  400 bbls  mud 
Layered with zones of granodior i te  while d r i l l i n g .  

Metasediments and highly f rac tured  
g ran i t e  

Fractured white g ran i t e  with 
some granodior i te  
S e t  7 i n .  casing a t  3488 

Pink g ran i t e  

Fractured white g r a n i t e  

2746 l o s t  c i r cu la t ion .  Lost about 
1500 bbls  f l u i d .  Unable t o  gain 
f u l l  re turns .  Had t o  run c m t .  plugs.  

3240-3367 l o s t  
2000 bb l s  mud 
3367-3532 l o s t  about 300 bbls  mud 
3532-4022 los ing  mud during d r i l l i n g  
4022-4450 l o z t  about 300 bbls  mud/day 

Lost complete r e tu rns  a t  4821' d r i l l e d  
t o  4824' without r e tu rns .  Lost 1400 
bb l s  f l u i d .  

I 
\o 
I 
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Table 2. The chemical analysis for the downhole samples from Cos0 CGEH-1. 

IDENTIFICATION : 3/17 COSO bl 11569 2740 ft. 
3/18 COSO 82 /I570 2740 ft. 
3/18 cos0 113 t571 4800 ft. 

Bicarbonates (HC03) 

Sulfate (SO4) 

Chloride (Cl) 

Sodium (Na) 

Potassium (K) 

Calcium (ca) 

Boron (B) 

Magnesium (Mg) 

Silica (Si02) 

Lithium (Li) 

PH 

Total Volume 

Zions E 'IDS 

Field pH 

i1 1 

64 Mg/L 

172 Mg/L 

2470 Mg/L 

1460 Mg/L 

145 Mg/L 

131 Mg/L 

54 Mg/L 

2.6 Mg/L 

37 Mg/L 

9.1 Mg/L 

5.3 

585 Ml 

4545 

5.7 

Results of Analysis 

.I1 2 

62 Mg/L 

150 Mg/L 

2550 Mg/L 

1500 Mg/L 

139 Mg/L 

114 Mg/L 

66 Mg/L 

2.3 Mg/L 

41 Mg/L 

9.6 Mg/L 

5.2 

875 MI. 

4644 

5.7 

#3 

168 Mg/L 

89 Mg/L 

2300 Mg/L 

1420 Mg/L 

154 Mg/L 

70 Mg/L 

65 Mg/L 

1.7 Mg/L 

201 Mg/L 

10.2 Mg/L 

5.6 

910 M1 

4479 

5.4 
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TEMPERATURE AND PRESSURE PROFILE DATA FOR COS0 CGEH-1 
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SURVEY # 

1 

2 

3A 

3B 

4A 

4B 

5 

6 

7 

DATE 

121 8/77 

12120177 

1/ 6/78 

1/ 7/78 

111 9/78 
111 9/78 

211 1/78 

3/16/78 

311 7/78 

COS0 HOT SPRINGS 

CGEH #1 

TEMPERATURE SURVEYS* 

COMMENT 

= 250 foot incremental survey 

100 foot steps maximum temp. = 360.9' F 

Tool failed 3,520 feet 

Maximum temp. = 368' F 

Tool failure 2,000 feet 

LBL tool failed 2,000 feet 

Sandia tool failed 4,700 feet 

Maximum temp. 382' F but tool essentially 
failed - somewhat questionable temperatures. 
Kusteg tool maximum temperature 192.55' C = 
378.6 F 

Pressure Survey - Kuster tool 

* All dewths measured from 6 feet above ground level. 
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CGEH #l 

12/8/77 

DEPTH (ft.) 

0 
250 
340 
350 
360 
500 
750 
920 
935 
1000 
1250 
1410 
1500 
1600 
1680 
1800 
2000 
21 00 
2500 
2660 
2830 
3000 
3500 
4000 
4405 

SURVEY #1 

TEMPERATURE (OF) 

112 
147.5 

- 
160.1 

- 
207.6 
208.6 
21 0 
214.6 
239.5 
278.8 
300 
309 
320 
330 
340 
345 

- 
34 5 
350 
352 
351 
348 
34 5 
347 



CGEH #1 

DEPTH (ft.) 

0 

too  
200 
300 
400 
500 
54 0 

600 

700 
800 
900 
91 0 
950 

1000 

1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
1950 
2000 
2025 
21 00 
2200 
2300 
2400 
2500 
2600 
2640 
2700 
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SURVEY #2 

12/20/77 
0 TEMPERATURE ( F L  

42.6 
119.1 
137.8 
153.4 
169.1 
203.9 
209.0 

209.5 
209.5 
209.5 
209.5 
212.3 
230.2 
246.5 
264.1 
278.0 
296.0 
309.2 
319.0 
333.6 
344.7 
352.0 
353.7 
356.0 
355.0 
350.0 

358.0 
351.4 

353.6 

354.0 
354.1 
357.6 
359.9 
358.4 
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CGEH #1 SURVEY 12 (Cont'd) 

12/20/77 

TEMPERATURE (OF)  DEPTH (ft.) 

2730 
2739 
2751 
2780 
2800 
2823 
2838 
2900 
3000 
31 00 
3209 
3300 
3400 
3500 
3570 
3600 
3700 
3800 
3900 
4000 
41 00 
4200 
4300 
4400 
4500 
4600 
4700 
4800 

T.D. 4850 

360.9 
362.0 
360.0 
350.0 
356.2 
360.1 
360.9 
359.6 
358.7 
357.5 
354.1 
352.0 
352.1 
353.9 
357.9 
356.3 
353.3 
351.6 
350.3 
348.9 
348.3 
347.7 
347.3 
347.1 
346.6 
346.2 
345.7 
345.8 
345.5 
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CGEH #1 SURVEY #3A 

DEPTH (ft.) 

100 
200 
400 
500 
600 
700 

800 
880 

885 
890 
892 
895 

900 
950 

1000 

1100 
1200 
1300 
1400 

1500 
1600 

1700 
1800 
1900 

2000 
21 00 
2200 
2300 
2400 
2500 

2600 

1 /6/78 

TEMPERATURE (OF) 

109.6 

132.6 
167.3 
208.3 
208.5 
208.6 
208.7 
208.9 
208.9 
208.9 
209.6 
210.1 
213.9 
239.2 
251.2 
268.8 
283.3 
301.4 
315.6 

326.6 
342.1 
353.6 
361.2 
363.3 
364.2 
366.5 
360.1 
362.2 
362.2 
362.2 
365.6 



CGEH #1 

DEPTH (ft.) 

2690 
. 2700 

2736 
2800 
2878 
2900 
3000 
31 00 
3200 
3300 
3400 
3500 
3600 
3700 
3800 
3820 
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SURVEY #3A (Cont 'd)  

1 /6/78 

TEMPERATURE (OF) 

368.0 
366.4 
370.0 
364.7 
368.3 
366.7 
365.9 
364.4 
361.2 
358.8 
358.9 
359.1 
360.1 
357.4 
355.5 

Tool Fa i l ed  

c 



DEPTH (ft.) 

100 
200 
300 
400 
450 
500 
600 

700 
800 
880 
885 
890 
892 
893 
900 
950 

1000 
1100 
1200 
1300 

1400 
1500 
1600 
1700 
1800 
1900 
2000 
2030 
207 5 

2080 
21 00 

21 35 
2200 
2300 

-19- 
CGEH #1 SURVEY #3B 

1 /7/78 

TEMPERATURE (OF) 

111.8 
133.3 
150.3 
166.4 
187.3 
207.6 
207.8 
207.9 
208.0 
208.1 
208.0 
208.0 
208.8 
209.1 
214.3 
238.1 
250.0 
267.6 
282.0 
300.5 
314.4 
325.9 
340.7 
352.2 
359.8 

361.7 
362.6 
360.9 

365.6 
365.3 
364.6 
365.0 
358.1 
360.1 



-20- 
CGEH #1 SURVEY t3B (Cont 'd)  

DEPTH (ft.) 

2400 
2500 
2600 
2690 
2700 
2735 
2745 
2750 
2770 
2800 
2340 
2860 
2900 
2950 
3000 
31 00 
3200 
3300 
3400 
3500 

3560-3580 
3600 
37 00 
3800 
3900 
4000 
41 00 
4200 
4300 
4400 
4500 
4600 
4700 
4800 
4850 

1/7/78 

TEMPERATURE (OF) 

360.2 
360.4 
363.5 
365.8 
364.3 
368.0 
367.5 
365.4 
356.5 
362.5 
366.5 
365.3 
364.7 
364.7 
363.7 
362.1 
359.0 
356.7 
356.4 
357.1 
359.4 
358.1 
355.4 
353.6 
352.0 
350.5 
349.6 
348.9 
348.1 
347.6 
346.8 
346.2 
345.6 
345.4 
345.1 



. 

-21- 

CGEH #1 SURVEY #4A 

1/19/78 

DEPTH (ft.) 

100 
200 

300 
400 
450 
500 
600 
700 

800 
890 
900 

950 
1000 
1100 
1200 
1300 
1400 
1500 

1600 
1700 
1800 
1900 
2000 

TEMPERATURE (OF) 

109.8 
131 .O 

148.7 
166.3 
203.4 
206.8 
206.9 
207.0 
207.1 
207.1 
216.2 
239.5 
251.5 
268.7 
283.5 
301.7 
316.4 
328.5 

343.5 
355.0 

362.9 
364.7 

Tool Fai led 



-22- CGEH I1 SURVEY #4B 

DEPTH (ft.) 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
1985 
2000 
2060 
2080 
21 00 
2200 
2300 
2400 
2500 
2600 
2680 
2690 
,2700 
2720 
2730 
2735 
2800 
2900 
3000 
31 00 
3200 
3300 

.3400 
3500 
3600 

1/19/78 

FREQUENCY (KHz) 

24.354 
25.125 
25.825 
26.700 
27.400 
27.960 
28.690 
29.235 
29.610 
29.720 
29.835 ' 

29.760 
29.855 
29.877 
29.853 
29.580 
29.650 

TEMPERATURE (OF) 

247 .O 
264.5 
280.0 
299.0 
314.0 
326.0 
341.5 
353.5 
363.0 
364.0 
368.5 
365.5 

29.654 
29.665 
29.802 
29.910 
29.865 
29.850 
29.925 
29.977 
30.000 
29.786 
29.858 
29.812 
29.734 
29.597 
29.487 
29.470 
29.472 
29.498 



CGEH #1 

. DEPTH (ft.) 

3700 
3800 
3900 
4000 
4100 
4200 
4300 
4400 
4500 
4600 
4700 

6 

-23- 

SURVEY #4B (Cont'd) 

1 /19/78 

FREQUENCY ( KHz) 

29.379 
29.297 
29.221 

29.150 
29.100 
29.058 
29.018 
28.990 
28.948 

28.911 

TEMPERATURE f F )  

347.0 

Tool F a i l e d  



CGEH W1 
-24- 

SURVEY #5 

2/11 /78 

DEPTH (ft.) 

0 
100 
200 
300 
400 
500 
600 
700 
800 
882 
900 
950 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
1990 
2000 
21 00 
2200 
2300 
2400 
2500 
2600 
2680 
2700 
2740 
2800 

TEMPERATURE (OF) 

48.8 

104.8 
130.5 
150.8 
166.8 
207.1 
207.4 
207.4 
207.6 
210.3 
224.2 

244.3 
255.6 
273.3 
289.4 
308.7 
324.7 
338.0 
354.5 
367.1 
375.6 
378.0 
380.0 

378.4 
379.5 
373.1 
374.9 
374.7 
375.1 
378.3 
380.5 
379.2 
382.3 
377.0 



-25- 

CGEH #1 SURVEY #5 ( C o n t ' d )  

2/11 /78 

DEPTH ( f t . )  

2847 
2890 
2900 
3000 
31 00 
3200 
3300 
3400 
3500 
3600 
3700 
3800 
3900 
4000 
41 00 
4200 
4300 

TEMPERATURE ( O F )  

380.7 
380.3 
379.5 
377.6 
375.4 
372.1 
369.3 
368.9 
368.4 
368.5 
365.6 
363.6 
361.6 
359.8 
358.5 
357.5 
356.4 

Tool fa i lure ,  b u t  was a b l e  t o  get further somewhat 
questionable temperatures. 

4650 
4700 
4800 
4835 

352.6 
352.3 
351.9 
351.7 



-26- 

CGEH #1 

KUSTER TOOL S/N 

3/17/78 

DEPTH (ft.) 

900 
1000 
1100 
1200 

1300 
1400 
1500 
1600 
1700 

1800 
1900 
2000 
21 00 
2200 

2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 
31 00 

3200 
3300 
3400 
3500 
3600 
3700 

SURVEY #6 

KT-B 10279 

TEMPERATURE (OF) 

214.0 
244.0 

264.3 
281.4 
301.2 
317.4 
332.8 
349.2 
363.1 

373.7 
376.4 
378.1 
378.6 
375.6 
374.3 

374.0 
374.0 
375.4 
378.6 
378.3 
377.0 
378.3 
375.6 
373.2 
370.5 
368.9 
368.0 
366.9 
366.1 



-27- 

COS0 HOT SPRINGS 

PRESSURE SURVEY SURVEY #7 

3/17/78 

KUSTER PRESSURE TOOL 
S/N KPG 15859 0-6100 p s i g  

DEPTH (ft.) 

1000 
1200 
1400 
1600 
1800 
2000 

2200 
2400 
2600 
2800 
3000 
3200 
3400 

3600 
3800 
4000 
4200 

PRESSURE ( p s i g )  

66.3 
143.7 
223.2 
299.7 

382.3 
455.65 
529.05 
602.4 
678.9 
755.4 
828.7 
905.2 
981.7 

1064.2 
1134.6 
1211 .o 
1287.5 
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